Diaporthe sambucusii sp. nov and D. schisandrae sp. nov., collected from diseased branches of Traditional Chinese Medicine in Northeast China, Sambucus williamsii Hance and Schisandra chinensis (Turcz.) Baill, are herein described and illustrated. Recognition of the two new species are supported by both holomorphic morphology and phylogenetic analysis. Morphologically, D. sambucusii is distinguished by hyaline, aseptate, smooth, ovoid to subfusiform, biguttulate alpha conidia (7.0-9.5 × 2.0−2.5 μm) and beta conidia hyaline, aseptate, straight to hamate, 18.5-23.5 × 0.9-1.1 μm, similar to most species of Diaporthe. Diaporthe schisandrae is characterized by hyaline, aseptate, ellipsoidal to fusoid, somewhat tubercular at one end and obtuse at other, 1-3-guttulate alpha conidia (8.5-11.5 × 2.7−3.3 μm). Phylogenetic analysis using CAL, HIS, ITS, TEF1-α, and TUB molecular data shows that the isolates of the new species form two distinct clade within Diaporthe (MP/ML/BI=100/100/1).
Introduction
Members of Diaporthe are plant pathogens, endophytes or saprobes in a wide range of hosts and are responsible for several diseases, some of which are of economic importance (Uecker 1988 , Crous & Groenewald 2005 , Rossman et al. 2007 , Santos & Phillips 2009 , Udayanga et al. 2011 , 2012a , b, 2014a , Gomes et al. 2013 . For mycologists, studying on phytopathogenic Diaporthe species are therefore particularly important to work on a wide range of crops and economic trees (e.g. grapes, sunflowers, soybean and various diseases associated with ornamentals and forest trees) (Santos et al. 2011 , Thompson et al. 2011 , Baumgartner et al. 2013 , Fan et al. 2015 , Du et al. 2016 , Yang et al. 2017a .
Sambucus williamsii (Caprifoliaceae) and Schisandra chinensis (Schisandraceae) have long been used as a Traditional Chinese Medicine (Han et al. 2008 , Lu & Chen 2009 ). Sambucus williamsii is mainly used for the treatment of bone fractures and osteoporosis (Han et al. 2008) . Schisandra chinensis is commonly applied to the treatment of night sweating, protracted diarrhea and diabetes (Lu & Chen 2009) . Sambucus species are however, infected by a wide range of canker diseases, especially diaporthalean pathogens, which can cause serious reduction in growth. Deng (1963) reported Diaporthe spiculosa (Alb. & Schwein. : Fr.) Nitschke isolated from Sambucus williamsii in Jiangsu Province, China., causing annual bark canker disease. However, Diaporthe spiculosa is a synonym of D. euonymi Dearn., which has no available DNA data (Dearness 1916) . Diaporthe megalospora Ellis & Everh. and D. viticola Nitschke (syn. D. rudis) have been recorded from Sambucus species (Gomes et al. 2013) . The taxonomy and phylogeny of Diaporthe on Schisandra species in China have not been studied systematically.
In the last two decades, much progress has been made in the ability to define fungal species through the use of molecular data (Hibbett & Taylor 2013 . Multi-locus phylogenic analyses have become a conventional procedure to identify novel fungal species, especially in those genera that lack distinctive morphological characteristics, and to resolve species complex where traditional taxonomy has resulted in confusions (Lumbsch et al. 2005 , Alves et al. 2006 , Schoch et al. 2006 , Cai et al. 2011a , b, Manamgoda et al. 2011 , Udayanga et al. 2012b ). As we all know, Diaporthe species in culture or under natural conditions do not produce all spore states of the asexual (alpha, beta and gamma conidia) or the sexual state (Gomes et al. 2013 ).
During collecting trips in Heilongjiang Province, fresh specimens from symptomatic cankered branches of Sambucus williamsii and Schisandra chinensis were collected. Four fungal specimens were found with characters fitting the genus Diaporthe. Since the species of Diaporthe cannot easily be distinguished morphologically, a phylogenetic analysis was carried out based on ITS, CAL, HIS, TEF1-α, and TUB gene regions. This analysis determined that the two isolates are distinct from all other currently described and sequenced species in Diaporthe.
Materials and Methods

Isolation
Diseased samples were collected from infected branches or twigs during collecting trips in Heilongjiang Province, China (Table 1) . Single conidia were obtained from fruiting bodies by removing a mucoid conidial mass from pycnidial ostioles, and spreading the suspension on the surface of 1.8 % potato dextrose agar (PDA), incubated at 25 °C for up to 24 h. Single germinating conidia were plated onto fresh potato dextrose agar (PDA) plates. Specimens and isolates of the new species are deposited in the Museum of Beijing Forestry University (BJFC). Axenic cultures are maintained in the China Forestry Culture Collection Center (CFCC).
Morphology
Species identification was based on the morphological and micromorphological features of the fruiting bodies produced on infected plant tissues, supplemented with cultural characteristics. Morphological characteristics of the fruiting bodies were recorded using a Leica stereomicroscope (M205 FA). Micromorphological observations determined under a Leica compound microscope (DM 2500). More than 20 fruiting bodies were sectioned, both vertically and horizontally, and 50 spores were selected randomly for measurement. Four strains were selected for the species, and three cultures were replicated for each strain. Cultural characteristics of isolates incubated on PDA in the dark at 25 °C were observed and recorded, including colony color, texture and the arrangement of the conidiomata.
DNA extraction, PCR amplification, and sequencing
Fungal mycelia from pure cultures of representative isolates was harvested from PDA plates with cellophane using a modified CTAB method (Doyle & Doyle 1990) . Representative isolates of taxa were chosen based on their frequency and consistency of isolation from collected samples. DNA were estimated by electrophoresis in 1 % agarose gels, and the quality was measured by NanoDrop™ 2000 (Thermo, USA) according to the user's manual (Desjardins et al. 2009) .
PCR amplifications were performed in DNA Engine (PTC-200) Peltier Thermal Cycler (Bio-Rad Laboratories, CA, USA). The primer pair ITS1/ITS4 (White et al. 1990 ) was used to amplify the ITS region. The primer pair EF1-728F/EF1-986R (Carbone & Kohn 1999) was used to amplify a partial fragment of the TEF1-alpha gene. The primer pair Bt2a/Bt2b (Glass & Donaldson 1995) was used to amplify the beta tubulin (TUB). The primer pair CAL228F/ CAL737R (Carbone & Kohn 1999) was used to amplify the calmodulin gene (CAL). The HIS region was amplified using primers CYLH4F (Crous et al. 2004a ) and H3-1b (Glass & Donaldson 1995) . PCR amplification products were checked visually via electrophoresis in 2 % agarose gels. DNA sequencing was performed using an ABI PRISM® 3730XL DNA Analyzer with a BigDye Terminater Kit v.3.1 (Invitrogen, USA) at the Shanghai Invitrogen Biological Technology Company Limited (Beijing, China).
Phylogenetic analysis
Sequences generated in this study were compared to published sequences in GenBank and to those in the relevant published literature (Gomes et al. 2013 , Gao et al. 2014 , Huang et al. 2015 , Udayanga et al. 2014b , Du et al. 2016 , Tanney et al. 2016 , Dissanayake et al. 2017a , b, c, Santos et al. 2017 , Yang et al. 2017a , and are shown in Table 1 . All sequences were aligned using MAFFT v.6 (Katoh & Toh 2010) and edited manually using MEGA6 (Tamura et al. 2013) . Various methods of phylogenetic reconstruction were performed: maximum parsimony in PAUP v.4.0b10 (Swofford 2003) ; maximum likelihood (ML) in PhyML v.7.2.8 (Guindon et al. 2010) ; Bayesian Inference (BI) in MrBayes v.3.1.2 (Ronquist & Huelsenbeck 2003) . All analyses were performed on the combined multi-gene dataset (CAL, HIS, ITS, TEF1-α, TUB) to compare Diaporthe species from other ex-type reference in recent studies (Table 1) . Diaporthella corylina (CBS 121124) was selected as outgroup in this analysis (Gomes et al. 2013) . Trees are shown using FigTree v.1.3.1 (Rambaut & Drummond 2010) . MP analysis was performed by a heuristic search option of 1000 random-addition sequences with a tree bisection and reconnection (TBR) algorithm. Maxtrees was set to 5000, branches of zero length were collapsed and all of the most parsimonious trees were saved. Other calculated parsimony scores were tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency (RC). ML analysis was performed with a GTR site substitution model (Guindon et al. 2010) . Branch support was evaluated with a bootstrapping (BS) method of 1000 replicates (Hillis & Bull 1993) .
MrModeltest v. 2.3 was used to estimate the best-fit model of nucleotide substitution model settings for each gene (Posada & Crandall 1998) . The best fit model (GTR + I + G) was selected for CAL, HIS, ITS, TEF1-α and TUB sequence datasets. For the BI analyses, a Markov Chain Monte Carlo (MCMC) algorithm was performed (Rannala & Yang 1996) . Sequences were submitted to GenBank (Table 1 ). The sequence alignment file was submitted to TreeBASE (www.treebase.org; accession number S21299). Our novel taxonomic descriptions were deposited in MycoBank (Crous et al. 2004b) . 
Results
Phylogeny
The aligned five-marker (CAL, HIS, ITS, TEF1-α and TUB) data set included 78 taxa (including one outgroup), comprising 2954 characters after alignment. Of these, 1455 characters were constant, 413 variable characters were parsimony-uninformative and 1086 characters were parsimony informative. The MP analysis resulted in 14 most parsimonious trees, with the first tree (TL = 6079, CI = 0.423, RI = 0.725, RC = 0.307) was shown in Fig. 1 . The phylogenetic tree obtained from ML and Bayesian analyses with the MCMC algorithm was consistent with the previous MP tree. Based on the multi-locus phylogeny and morphology, 4 strains were identified to two novel species, which also supported by morphological traits. MP and ML bootstrap support values above 50 % are shown at the first and second position. The branches with significant Bayesian posterior probability (≥ 0.90) in Bayesian analyses were thickened in the phylogenetic tree. The sequences were determined to represent two new species as described in this paper. Holotype:-BJFC-S1368.
Taxonomy
Etymology:-sambucusii: named after the host genus, Sambucus. Host/Distribution:-from Sambucus williamsii in northeast China.
Original description:-Sexual state: Undetermined. Asexual morph: Conidiomata pycnidial, conical to globose, embedded in bark, erumpent through the bark surface at maturity, dense, with a single locule. Ectostromatic disc (400-)425-575(−600) μm (av. = 500 μm, n = 20), brown to black, one ostiole per disc. Locule undivided, (480-)550-700(−800) μm (av. = 650 μm, n = 20) in diam. Wall parenchymatous, consisting 3-4 layers of medium brown textura angularis. Conidiophores hyaline, unbranched, phialides, cylindrical, ampulliform, (10-)11-15.5(−17.5) × (1.2-)1.4−1.8(−2.0) μm (av. = 13.5 × 1.6 μm, n = 50), straight or slightly curved. Conidiogenous cells hyaline, phialides, cylindrical, terminal, slightly tapering towards the apex, 0.5-1 μm diam. Paraphyses absent. Alpha conidia abundant in twigs, (6.0-)7.0-9.5(−10.5) × (1.8-)2.0−2.5(−2.6) μm (av. = 8.5 × 2.2 μm, n = 50), hyaline, aseptate, oval to fusiform, conspicuously biguttulate. Beta conidia (16.5-)18.5-23.5(−25.5) × 0.9-1.1 μm (av. = 21 × 1.0 μm, n = 50), hyaline, aseptate, smooth, filiform, straight or curved, eguttulate.
Culture characters:-Cultures incubated on PDA at 25 °C in darkness, colony originally flat with white felty aerial mycelium, becoming yellowish-brown aerial mycelium at the centre and beige mycelium at the marginal area, hyphae dense with irregular margin, conidiomata sparse, irregularly distributed over agar surface.
Material examined:-CHINA, Heilogjiang Province, Yichun city, 46°41'56.95"N, 129°01'27.49"E, 373 m asl, on twigs and branches of Sambucus williamsii, Q. Yang and Z. Du, 27 July 2016 (BJFC-S1368, holotype; living extype culture, CFCC 51986). Heilongjiang Province, Yichun city, 46°41'56.85"N, 129°01'27.30"E, 370 m asl, on twigs and branches of Sambucus williamsii, Q. Yang and Z. Du, 27 July 2016 (BJFC-S1369, paratype; living culture, CFCC 51987).
Notes:-This new species is introduced as molecular data showed it to be distinct, and this is also supported by morphological traits. The phylogram clustered in 78 clades with 63 ex-type Diaporthe strains distinguished the new species with high support (MP/ML/BI=100/100/1) (Fig. 1) . Morphologically, it is characterized by oval to subfusiform, aseptate, biguttulate alpha coidia and filiform, straight or curved, eguttulate beta conidia, which is similar with D. ganjae from Cannabis sativa and D. compacta from Camellia sinensis. However, Diaporthe sambucusii can be distinguished with D. ganjae in its smaller alpha conidia (7.0-9.5 × 2.0−2.5 μm in D. sambucusii vs. 5.0-11.5 × 2.0−4.0 μm in D. ganjae) (McPartland 1983) ; with D. compacta in its bigger alpha conidia (7.0-9.5 × 2.0−2.5 μm D. sambucusii vs. 6.0-7.5 × 2−3 μm in D. compacta) (Gao et al. 2017) . Holotype:-BJFC-S1370.
Etymology:-schisandrae: named after the host genus, Schisandra. Host/Distribution:-from Schisandra chinensis in northeast China.
Original description:-Sexual state: Undetermined. Asexual morph: Conidiomata pycnidial, globose to ovoid, embedded in bark, erumpent through the bark surface at maturity, sparse, with a single locule. Ectostromatic disc (160)250-400(−500) μm (av. = 325 μm, n = 20), black, one ostiole per disc. Locule undivided, (320)400-700(−750) μm (av. = 575 μm, n = 20) in diam. Wall parenchymatous, consisting 3-4 layers of medium brown textura angularis. Conidiophores hyaline, unbranched, phialides, cylindrical, tapering towards the apex, (10.5-)13.5-20(−22) × (1.4-)1.7−2(−2.3) μm (av. = 16.5 × 1.8 μm, n = 50), straight or slightly curved. Conidiogenous cells hyaline, phialides, cylindrical, terminal, slightly tapering towards the apex, 0.5-1 μm diam. Paraphyses absent. Alpha conidia abundant in twigs, (7.5-)8.5-11.5(−12) × (2.5-)2.7−3.3(−3.5) μm (av. = 10 × 3 μm, n = 50), hyaline, aseptate, ellipsoidal to fusoid, somewhat tubercular at one end and obtuse at other, 1-3-guttulate. Beta conidia not seen.
Culture characters:-Cultures incubated on PDA at 25 °C in darkness, colony with white felty aerial mycelium, becoming yellow compact aerial mycelium at the centre, following the white aerial mycelium, and dark brown at the marginal area. Conidiomata dense, distributed in circularity over agar surface. (Fan et al. 2015) ; from D. juglandicola in bigger alpha conidia (8.5-11.5 μm in D. schisandrae vs. 8-9 μm in D. juglandicola) (Yang et al. 2017b) . 
Discussion
Several Diaporthe species have been reported in China (Huang et al. 2013 , Tan et al. 2013 , Gao et al. 2014 , Dissanayake et al. 2015 , Fan et al. 2015 , Du et al. 2016 , Yang et al. 2017a . However, pathogens of trees associated with Sambucus williamsii and Schisandra chinensis, which are significant Traditional Chinese Medicine, have been poorly studied In this study, the two novel species (D. sambucusii and D. schisandrae) are introduced based on evidence from morphology and combined ITS, CAL, HIS, TEF1-α and TUB phylogenetic analyses.
Three Diaporthe species have been reported from Sambucus, i.e., Diaporthe euonymi, D. megalospora and D. rudis (Deng 1963 , Gomes et al. 2013 . However, D. sambucusii can be distinguished from D. euonymi in shorter condiophores (11-15.5 × 1.4−1.8 μm vs. 20-40 × 2 μm), and there is no available DNA data for this species (Deng 1963) . Diaporthe megalospora is known to Sambucus canadensis from North America (Wehmeyer 1933 , Farr & Rossman 2012 ), but there is no detailed morphological descriptions in Gomes et al. (2013) and it is required to designate an epitype, however, supported by the analysis of sequences data (Fig. 1) . Diaporthe viticola is known from seveal hosts, especially from grapevines and is a synonym of D. rudis (Udayanga et al. 2014a) . Diaporthe sambucusii can be distinguished from D. rudis in shorter condiophores (11-15.5 × 1.4−1.8 μm vs. 20-45 × 2−2.4 μm) and smaller beta conidia (18.5-23.5 × 0.9-1.1 μm vs. 27-31 × 3.4-3.8 μm) (Udayanga et al. 2014a) . It is the first time to report Diaporthe species from Schisandra chinensis.
Previously, Diaporthe (syn. Phomopsis) have been primarily based on morphology, which has been shown to pay a minor role in species delimitation due to the simple and plastic morphological characters (Huang et al. 2013 , Gao et al. 2016 , Du et al. 2016 , Yang et al. 2017a . Thus, analyses of rDNA ITS coupled with morphology, pathogenicity or multi-locus sequences data have been used in successful taxonomic revisions in contemporary molecular phylogenetic studies (Farr et al. 2002a , Santos & Phillips 2009 , Diogo et al. 2010 , Santos et al. 2011 , Thompson et al. 2015 , Udayanga et al. 2011 , 2012a , 2012b , 2014a , 2014c , Gomes et al. 2013 , Huang et al. 2015 , Gao et al. 2015 , Fan et al. 2015 , Du et al. 2016 . But confusion occurs when large number of species from a wide range of host species are analyzed. For example, Gao et al. (2016) reported that many isolates from Camellia sinensis belonging to the D. eres species complex, however, presented intermediated morphology and the phylogenetic tree also revealed the vague clades with short branch and moderate supports. Diaporthe represents a highly complex genus containing numerous cryptic species, it will be necessary to supplement the ITS, CAL, HIS, TEF1-α and TUB data by additional suitable single-copy markers like Apn2 and FG1093.
